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Introduction
Intestinal inflammation either in human beings or in experimental animal models is associated with altered gastrointestinal motility [1] [2] [3] . The mechanisms of altered motility have been associated with morphological and functional changes in smooth muscle and enteric nerves [4] [5] [6] . Large numbers of polymorphonuclear leucocytes that generate reactive oxygen species (ROS) such as H2O2 are found in the mucosa and submucosa of the inflamed bowel disease, suggesting that H2O2 plays an integral role in the inflammatory process [7] . Several in vitro studies have reported that exposure to H2O2 alters gastrointestinal smooth muscle contractility. For example, H2O2 decreases sigmoid smooth muscle contractility in ulcerative colitis patients and the radical scavenger catalase prevents ulcerative colitis-induced reduction of muscle contractions [8, 9] . Exposure to H2O2 reduces the lower esophageal sphincter tone in human esophagitis and treatment with catalase can restore the lower esophageal tone to normal [10] . From above findings, it is suggested that H2O2 may be an important mediator causing dysmotility in intestinal inflammation. [11] [12] [13] 
The gastrointestinal smooth muscles show spontaneous mechanical contractions. These contractions are mediated by the generation of periodic membrane depolarization (slow waves). It is well known that interstitial cells of Cajal (ICC) are pacemaker cells that generate slow waves, which are initiated by spontaneous inward currents (pacemaker currents)

Materials and methods
Preparation of cells and tissues
Balb/C mice (8-to 13- (Fig. 1B) . In the presence of 100 M and 1 mM H2O2, the pacemaker currents were largely inhibited and the resting currents were increased in the outward direction ( Fig. 1C and D (Fig. 1E-G) . Next, to determine whether H2O2 affects KATP channels in ICC, we used the KATP channels inhibitor glibenclamide, after or before H2O2 treatment. The H2O2-induced effects on pacemaker currents were inhibited by co-or pretreatment with glibenclamide ( Fig. 2A and E (Fig. 3A) indicating that the H2O2-induced effects may be an ROS-dependent mechanism. Figure 3B and C shows that the 1 mM H2O2-induced effects were significantly inhibited by treatment with MAFP and AACOCF3. As shown in Figure 3C -E, the values of the frequency, amplitude and resting Fig. 4A and B) . Our previous report suggested that PGE2-activated KATP channels through PGE-EP2 receptor activation in ICC [20] . Therefore, we tested AH6809 (10 M), a PGE2-EP2 receptor antagonist and found the H2O2-induced effects were inhibited by pretreatment with AH6809 (Fig. 5A) . Furthermore, AH6809 inhibited the PGE2-induced effects (Fig. 5B) . The values of the frequency, amplitude and resting currents induced by H2O2 in the presence of AH6809 were significantly different from those obtained in the absence of AH-6809 (n ϭ 6, Fig. 5C-E Figure 6A shows that PD98059 (10 M) prevented the H2O2-induced effects. However, SB203580 and JNK inhibitor did not affect the H2O2-induced effects (Fig. 6B and C) . The values of the frequency, amplitude and resting currents by H2O2 in the presence of PD98059 were significantly different from those obtained in the absence of PD98059 (n ϭ 6, Fig. 6E-G) . In (Fig. 6D) . (Fig. 7A-C) .
Fig. 1 The effect of H2O2 on pacemaker potentials and currents in cultured ICC of the murine intestine. (A) Pacemaker potentials of ICC exposed to 1-mM H2O2 in the current clamping mode (I ϭ 0). (B, C and D) Pacemaker currents of ICC exposed to H2O2 (10, 100 M and 1 mM) at a holding potential of Ϫ70 mV. (E, F and G) A summarized bar graph showing the H2O2-induced effects on pacemaker currents of ICC. The bars represent mean Ϯ S.E. values (n ϭ 7/group). Asterisks indicate significantly different from the controls (P Ͻ
0
addition, PD98059 inhibited the PGE2-induced effects; supporting the role of PGE2 as a mediator of H2O2
Effects of the adenylate cyclase inhibitor, PI3-kinase inhibitor and protein kinase C inhibitor in the H 2 O 2 -induced inhibition of pacemaker currents
To determine an upstream regulator of p44/42 activation, ICC were pretreated with either 10 M SQ-22536 (an adenylate cyclase inhibitor), 10 M LY-294002 (a PI3-kinase inhibitor) and 0.1 M calphostin C (a PKC inhibitor). We found that all inhibitors did not affect the H2O2-induced effects (n ϭ 5: bar graph not shown), indicating that the H2O2-induced effects in ICC are part of a cAMP-, PI3-kinase-and PKC-independent pathway
Involvement of EGFR (epidermal growth factor receptor) tyrosine kinase in the H 2 O 2 -induced inhibition of pacemaker currents
To evaluate the role of tyrosine kinase in the H2O2-induced effects, ICC were infected with adenovirus that was constructed containing a tyrosine kinase gene. In Figure 7D , we could see the tyrosine kinase domain was located predominantly in the nucleus of ICC. ( Fig. 7G) . This finding suggests that the H2O2-induced effect is dependent on EGFR tyrosine kinase activation through PGE2.
When ICC were treated with H2O2 (1 mM) for 30 min, there was a translocation of the tyrosine kinase from nucleus to the cytosol (Fig. 7E). This finding indicates that H2O2 stimulates the tyrosine kinase activity in ICC. Furthermore, to determine whether the H2O2-induced inhibition of pacemaker currents is mediated by EGFR tyrosine kinase, we treated the cells with AG 1478, a potent and selective inhibitor of EGFR tyrosine kinase. AG 1478 (10 M) inhibited the H2O2-induced effects (Fig. 7F). Also, we found that AG 1478 inhibited the PGE2-induced inhibition of pacemaker currents © 2008 The Authors Journal compilation © 2010 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd
Fig. 3 The effect of catalase, a radical scavenger, MAFP, a non-specific phospholipase A2 inhibitor, and AACOCF3, a cytosolic phospholipase A2 inhibitor on the H2O2-induced action on pacemaker currents of ICC from the murine intestine. (A) The effect of 1 mM H2O2 on pacemaker currents after pretreating cells with catalase (3000 units/ml). (B) Pacemaker currents exposed to 1 mM H2O2 after pretreating cells with 10 M MAFP at a holding potential of Ϫ70 mV. (C) The effect of 1 mM H2O2 on pacemaker currents after pretreating cells with 10 M AACOCF3. (D, E and F) The inhibitory response to catalase, MAFP or AACOCF3 on the H2O2-induced effects on pacemaker currents. The bars represent mean Ϯ S.E. values (n ϭ 6). Asterisks indicate significantly different from H2O2 alone (P Ͻ 0.05).
Fig. 4 The effect of SC-560, a specific cyclooxgenase-1 inhibitor, and NS-398, a specific cyclooxygenase-2 inhibitor, on the H2O2-induced effects on pacemaker currents of ICC from the murine intestine. (A) Pacemaker currents exposed to 1 mM H2O2 after pretreating cells with 10 M SC-560 at a holding potential of Ϫ70 mV. (B) The effect of 1 mM H2O2 on pacemaker currents after pretreating cells with 10 M NS-398. (C, D and E) The inhibitory response to SC-560 or NS-398 on the H2O2-induced action on pacemaker currents. The bars represent mean Ϯ S.E. values (n ϭ 7). Asterisks indicate significantly different from H2O2 alone (P Ͻ 0.05).
Fig. 5 The effect of AH6809, a PGE2-EP2 receptor antagonist, on the H2O2-induced effects on pacemaker currents of ICC from the murine intestine. (A) The effect of 1 mM H2O2 on pacemaker currents after pretreating cells with 10 M AH6809. (B) The effect of 1 M PGE2 on pacemaker currents after pretreating cells with 10 M AH6809. (C, D and E) The inhibitory response to AH6809 on the H2O2-induced effects on pacemaker currents. The bars represent mean Ϯ S.E. values (n ϭ 6). Asterisks indicate significantly different from H2O2 alone (P Ͻ 0.05).
Fig. 6 The effect of PD98059, SB203580 and the JNK inhibitor on the H2O2-induced effects on pacemaker currents of ICC from the murine intestine. (A)
Discussion
In [25] . H2O2 reduces the lower esophageal sphincter (LES) tone in human esophagitis and the cat LES tone by increasing the synthesis of COX-2 and PGE2 [10, 26] . And we reported that deoxycholic acid activated COX-2-dependent PGE2 production [23] . The biological effects of PGE2 are mediated via four different receptor subtypes (EP1, -2, -3 and -4) [27] . We found that PGE2 action on pacemaker currents in ICC was mediated by EP2 receptors and the expression of the EP2 subtype was only detected [20] . In the present study, H2O2-induced effects were blocked by cPLA2 inhibitors (MAFP and AACOCF3) [29] . H2O2 and PGE2 activate MAPKs in many cell types [30] [31] [32] demonstrated to be targets of ROS [48, 49] 
